As mentioned earlier in this presentation, the purpose of this report is to highlight some of the considerations involved in experimentai design in pharmacologic pathology. This is a dynamic area of investigation, and the concepts must be reviewed and occasionally changed in accord with the &dquo;state of the art&dquo;. Flexibility in this regard and a willingness on the part of investigators to modify their concepts as needed are essential to further advnaces in this area The existing knowledge of cellular pathology is mainly derived from observations by light microscopy. Recent advances in electron microscopy have introduced a new pathology, the cell organelle or subcellular pathology in which the structure of altered cell organelles and consequently their altered function can be elucidated. In this respect, electron microscopy has bridged the large gap between morphology and function or, in other words, between light microscopy and biochemistry.
The electron microscope is currently in use as a fundamental tool in the analysis of subcellular changes induced by drugs and chemical agents thus adding a new dimension to the evaluation of drug safety at the ultrastructural level. With the high resolution of the electron microscope, it is now possible to detect early phases of cell injury long before they are visible in the light microscope, or to pinpoint sites of defects in transport mechanisms, or to locate sites of drug actions such as those involved in microsomal biotransformation, drug hydroxylation, detoxification, etc.
As the space available does not permit to review the volumenous studies dealing with this criterion, this presentation will portray only a few illustrations from our recent studies of how the electron microscope has contributed to the safety evaluation of chemicals and therapeutic agents.
During screening tests of CNS-active compounds in rats, it has been found that daily oral administration of one of these compounds at a dose level of 40 mg. per kg of body weight induced peculiar diffuse massive hepatic necrosis within 7 weeks in Charles -River Sprague-Dawley rats of both sexes. Partial hepatectomy enhanced the development of this peculiar type of necrosis (3 weeks instead of 7) while administration of phenobarbital prior treatment delayed the .appearance of necrosis but did not reduce its severity.
When examined electron microscopically, early development of the hepatic lesion appeared within 2 days in the form of dark osmiophilic vesicles scattered around the bile canaliculi of the hepatocytes, Fig. 1 . One week later, these peculiar bodies were converted into lysosomes causing the destruction of liver cells. The smooth endoplasmic reticulum was markedly increased and the Golgi vesicles were unusually dilated. The involvement of these organelles and the transformation of these bodies to lysosomes suggested an impairment of the transport mechanism(s) of the hepatocytes by this compound (1,2).
Fig. 1 : Osmiophilic vesicles in the vicinity of bile canaliculi
In another study, the electron microscope played an important role in clearing a misinterpretation of a phenomenon that has been overlooked when using the light microscope. Oral administration of 2-ethyl-2-phenyl butyramide to dogs produced remarkable yellowish-brown deposits in the hepatocytes and their bile canaliculi. When seen by the light microscope, these deposits closely resembled those commonly encountered in cases of cholestasis, hence the compound was regarded as a cholestatic agent producing bile plugs. Ultrastructural studies of these livers revealed the presence of clusters of filamentous structures randomly located in the hepatocytes, in dilated bile canaliculi and in Kuppfer cells (Fig. 2) . The electron microscopic picture of these deposits differed totally from that of the bile plugs. This lead has directed us to apply histochemical and biochemical tests which finally proved that these deposits were protoporphyrin and that this compound is an outspoken potent porphyria-inducing agent in the canine liver (3, 4) . At present, we are pursuing a histochemical procedure supported by electron microscopic observations in an attempt to detect early neoplastic transformation in the liver long before the histologic or clinical appearance of hepatomas induced by carcinogenic agents. Our oncogenic findings as well as those of others using diethylnitrosamine, dimethyl aminoazobenzene, aflatoxin B have shown that the onset of neoplasms in rat liver appeared in the form of individual cells then clearly delineated small islands of cells free of glucose-6phosphatase activity. This very early stage of preneoplastic transformation is histochemically detected weeks before it could be identified in routine sections stained with HE.
Electron microscopic studies of these newly transformed cells revealed characteristic features intermediate between those of normal hepatocytes and those of fully developed hepatoma cells. Among the changes in their cytoplasmic organelles indicative of neoplasms are: alteration of mitochondria, dilation and disruption of endoplasmic reticulum, dispersal of ribosomes, depletion of glycogen, presence of fibrillar inclusion structures, enlargement of the Golgi complex, increased lysosomes, disappearance of junctional complexes, widening of intercellular spaces and irregularity in the surface of the cell membrane.
Application of electron microscopy in the evaluation of drug safety during fetal development is indispensable. Effects of maternal intake of drugs may not be noted in the fetus until late after birth. In many instances, enzymatic and other biochemical approaches may not be conclusive because differentiation and maturation of some enzymes, especially those in the liver take place after birth. In such events, the electron microscope serves as an important tool in prediction of any change or abnormality in the cell organelles of tissues that often appear normal in the light microscope. We have examined fetal livers of rats under the effect of maternal intake of anti-inflammatory steroids (5, 6) , and under the influence of some bile acids such as lithocholic acid (7, 9) . All the livers appeared normal when examined by the light microscope but they showed drastic changes in the endoplasmic reticulum and mitochondria when examined electron microscopically.
